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Global, regional, and national levels and causes of maternal 
mortality during 1990–2013: a systematic analysis for the 
Global Burden of Disease Study 2013
Summary
Background The ﬁ fth Millennium Development Goal (MDG 5) established the goal of a 75% reduction in the maternal 
mortality ratio (MMR; number of maternal deaths per 100 000 livebirths) between 1990 and 2015. We aimed to 
measure levels and track trends in maternal mortality, the key causes contributing to maternal death, and timing of 
maternal death with respect to delivery.
Methods We used robust statistical methods including the Cause of Death Ensemble model (CODEm) to analyse a 
database of data for 7065 site-years and estimate the number of maternal deaths from all causes in 188 countries 
between 1990 and 2013. We estimated the number of pregnancy-related deaths caused by HIV on the basis of a 
systematic review of the relative risk of dying during pregnancy for HIV-positive women compared with HIV-negative 
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women. We also estimated the fraction of these deaths aggravated by pregnancy on the basis of a systematic review. 
To estimate the numbers of maternal deaths due to nine diﬀ erent causes, we identiﬁ ed 61 sources from a systematic 
review and 943 site-years of vital registration data. We also did a systematic review of reports about the timing of 
maternal death, identifying 142 sources to use in our analysis. We developed estimates for each country for 1990–2013 
using Bayesian meta-regression. We estimated 95% uncertainty intervals (UIs) for all values.
Findings 292 982 (95% UI 261 017–327 792) maternal deaths occurred in 2013, compared with 376 034 (343 483–407 574) 
in 1990. The global annual rate of change in the MMR was –0·3% (–1·1 to 0·6) from 1990 to 2003, and –2·7% 
(–3·9 to –1·5) from 2003 to 2013, with evidence of continued acceleration. MMRs reduced consistently in south, east, 
and southeast Asia between 1990 and 2013, but maternal deaths increased in much of sub-Saharan Africa during the 
1990s. 2070 (1290–2866) maternal deaths were related to HIV in 2013, 0·4% (0·2–0·6) of the global total. MMR was 
highest in the oldest age groups in both 1990 and 2013. In 2013, most deaths occurred intrapartum or postpartum. 
Causes varied by region and between 1990 and 2013. We recorded substantial variation in the MMR by country in 
2013, from 956·8 (685·1–1262·8) in South Sudan to 2·4 (1·6–3·6) in Iceland.
Interpretation Global rates of change suggest that only 16 countries will achieve the MDG 5 target by 2015. Accelerated 
reductions since the Millennium Declaration in 2000 coincide with increased development assistance for maternal, 
newborn, and child health. Setting of targets and associated interventions for after 2015 will need careful consideration 
of regions that are making slow progress, such as west and central Africa.
Funding Bill & Melinda Gates Foundation.
Introduction
Since the 1980s, the global health community has 
focused on reducing maternal mortality through a 
sequence of initiatives, beginning with the Safe 
Motherhood movement in 1987, to the creation of the 
Partnership for Maternal, Newborn and Child Health in 
2005.1,2 The priority accorded to reductions in maternal 
mortality is shown by its choice as one of the eight 
Millennium Development Goals (MDGs). Despite these 
eﬀ orts and visibility, there was broad concern that little 
or no progress was being made, which prompted 
intensiﬁ ed eﬀ orts by the UN Secretary General through 
the launch of Every Woman Every Child in 2010, and the 
subsequent creation of the Commission on Information 
and Accountability for Women’s and Children’s Health.2,3 
In 2010, a comprehensive assessment of global trends in 
maternal mortality suggested that the maternal 
mortality ratio (MMR; number of maternal deaths per 
100 000 livebirths) had decreased by 1·3% per year since 
1990.4 Subsequent revisions of the historical estimates 
have shown even larger worldwide rates of change, from 
–1·9% to –3·1% per year.5,6 This evidence collectively 
suggests that, although concerns about the rate of change 
of maternal mortality might have been too pessimistic, 
there is substantial uncertainty about how rapid the 
decrease has been and about the actual numbers of 
deaths in several large populations. If policy debates 
about acceleration of maternal mortality reductions are 
to be usefully informed, goals established, and targets set 
for reproductive health, up-to-date monitoring of the 
levels and trends in maternal mortality is essential.7
Compared with child mortality, maternal mortality has 
been more diﬃ  cult to track over time at the national 
level.8 Several major challenges have to be addressed in 
any measurement eﬀ ort: misclassiﬁ cation of maternal 
deaths to other causes in countries with complete vital 
registration and medical certiﬁ cation of causes of death; 
substantial sampling error in measurements that depend 
on survey recall because few maternal deaths are 
reported; large non-sampling error in survey and census 
measurements as demonstrated in settings with repeated 
overlapping measurements; variation in the demographic 
assessment of reproductive-age mortality from all causes, 
particularly in the 1990s; and the need for models to 
synthesise data from several studies or generate 
estimates when data are sparse.9–11 The substantial 
diﬀ erences between global modelling eﬀ orts, which are 
at times substantial, emphasise the inﬂ uence of each of 
the analytical steps used to estimate maternal mortality.12 
Political attention to how countries are progressing 
towards MDG 5 targets is intensifying.1,13 Donors, global 
health partners, and national programme managers are 
understandably frustrated by the wide uncertainty 
intervals and the variability of estimates from diﬀ erent 
analysts.8
Here, we use the systematic approach of the Global 
Burden of Diseases, Injuries, and Risk Factors Study 
2013 (GBD 2013) to measure levels and track trends in 
maternal mortality, the key causes contributing to 
maternal death, and the timing of maternal deaths. In 
GBD 2013, with application of rigorous statistical 
methods to critically appraise and synthesise data from 
diﬀ erent sources to estimate levels and causes of death 
in each age and sex group, a consistent and holistic 
approach to the challenges of maternal mortality 
measurement is used that enables comparisons across 
time, country, and other important causes of death in 
women of reproductive age. Algorithms for cause of 
death reclassiﬁ cation are applied consistently across all 
causes and modelling strategies use methods with clearly 
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quantiﬁ ed out-of-sample predictive validity.14 On the basis 
of recent trends in MMR, we also project an MMR 
scenario for 2030 to inform policy debates by identifying 




We used the GBD 2013 cause of death database, which 
extends from 1980 to 2013, to estimate maternal mortality. 
Although we report estimates for the MDG period 
1990–2013, data for 1980–90 are included in the analysis 
to improve the robustness of the time trend estimation. 
Naghavi and colleagues15 provide substantial detail about 
the inclusion criteria and data processing of studies 
across all causes. Brieﬂ y, building on previous analyses, 
we identiﬁ ed data from 180 of 188 GBD countries, 
including 4877 site-years of vital registration data, 
1213 site-years of sibling histories from Demographic 
and Health Surveys (DHS) and Reproductive Health 
Surveys (RHS) providing information about the 
pregnancy-related fraction of reproductive-age deaths, 
73 site-years of censuses, 626 site-years of maternal 
mortality surveillance, and 267 site-years of verbal 
autopsy analyses covering women of reproductive age.4,5,16 
We identiﬁ ed the above data sources through a systematic 
review (appendix), from analyses by Lozano and 
colleagues5 and GBD 2010 analyses,16  searches of 
Ministry of Health websites, and a search of the Global 
Health Data Exchange.
There has been much debate about which deaths of 
women of reproductive age should be included as 
maternal deaths. To be classiﬁ ed as maternal, pregnancy 
needs to be a causal factor in death. It can either have a 
direct eﬀ ect (complications of the pregnancy or 
childbirth, or postpartum complications) or indirect 
eﬀ ect (exacerbation of a pre-existing condition). 
Therefore, accidental or incidental deaths in which 
pregnancy had no causal role are not classiﬁ ed as 
maternal deaths. Deﬁ nitions for national use based on 
the International Classiﬁ cation of Diseases (ICD) have 
diﬀ ered from other recommendations for international 
comparisons of the MMR. All deﬁ nitions include direct 
and indirect causes during pregnancy and within 6 weeks 
of the termination of pregnancy (ﬁ gure 1). ICD-10 
deﬁ nitions also include late maternal deaths between 
6 weeks and 1 year after termination.6,17 For some causes, 
such as suicide, there is national variation in whether 
they are coded as incidental or indirect.18,19 MDG guidance 
for cross-country comparisons of MMR recommends 
that all HIV-related deaths during pregnancy or within 
6 weeks should be included in the MMR,20 but the UN 
group estimating maternal mortality uses only 50% of 
these deaths in their estimation.6,20 Conceptually, only the 
fraction of deaths aggravated by pregnancy should be 
included, because that is the deﬁ nition of an indirect 
cause of maternal mortality.
We included direct and indirect deaths during 
pregnancy and within 6 weeks of delivery, plus late 
maternal deaths up to 1 year after delivery and the 
fraction of HIV-related deaths aggravated by pregnancy. 
Late maternal deaths were not coded in ICD-9 so data are 
only available for ICD-10 (ie, from 1994). Additionally, 
because maternal deaths in the age group 10–14 years 
have been consistently reported in our data sources, we 
have estimated the number of maternal deaths in this 
age group but have not included them in the computation 
of the MMR because no standard estimates of birth rates 
are available for this group.
In vital registration and verbal autopsy data, maternal 
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Figure 1: Deﬁ nitions of maternal death
ICD-10=International Classiﬁ cation of Diseases, version 10. *During labour and 
up to 24 h after delivery. †Between 24 h and 6 weeks after delivery. ‡Between 






















































































































Figure 2: Forest plot of the relative risk of death during pregnancy for women with HIV infection compared 
with women without HIV infection
Weights are from random eﬀ ects analysis. Size of the triangles is proportional to the weighting of each study in the 
meta-analysis. UI=uncertainty interval.
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other underlying causes. We reassigned deaths assigned to 
causes that are unlikely to be underlying causes of death 
with standardised algorithms.14 The causes of death that 
are partly reassigned to maternal causes are shown in the 
appendix.15 We reanalysed DHS and RHS microdata for 
sibling deaths that were related to pregnancy by year using 
Gakidou-King weights to deal with potential survivor bias.21 
We used a Bayesian noise reduction algorithm to 
preprocess data to avoid the issue of large stochastic 
ﬂ uctuations and zero counts leading to distorted time 
trends (appendix). When diﬀ erent DHS surveys provided 
data for reproductive-age deaths and the number that were 
related to pregnancy for the same year, we pooled results 
for that year to reduce stochastic measurement error. 
Additionally, for some vital registration data, no maternal 
deaths are reported in speciﬁ c age group or for a speciﬁ c 
period. Noise reduction algorithms again help to reduce 
upward bias because all zero counts would otherwise be 
dropped from natural logarithm death rate and logit cause 
fraction models.  Data were unavailable for only eight 
countries, for which we relied entirely on model predictions 
for maternal mortality estimates.
HIV-related mortality
Because of the rapid increase in reproductive-age 
mortality due to the HIV epidemic in eastern and 
southern Africa, disentangling the fraction of HIV deaths 
during pregnancy that are incidental (ie, not related to 
pregnancy) from those aggravated by pregnancy (ie, 
maternal deaths) is important. Assessment of HIV-
related mortality during pregnancy has two steps: 
estimation of the fraction of deaths during pregnancy or 
within 6 weeks of delivery that are related to HIV, and 
estimation of the fraction of these HIV-related deaths 
that are aggravated by pregnancy. For the ﬁ rst step, we 
updated Calvert and Ronsmans’ systematic review22 
(appendix). We identiﬁ ed one new study, giving a total 
of 21 for which we could examine mortality risk during 
pregnancy for HIV-positive versus HIV-negative 
women.23–43 We excluded data from non-representative 
populations, from sources that did not include 
postpartum deaths, and any deaths more than 1 year after 
delivery. Most studies did not specify antiretroviral 
therapy (ART) status. We undertook a DerSimonian-
Laird meta-analysis of the relative risk (RR) of death. 
Studies were heterogeneous and the pooled RR was 6·40 
(ﬁ gure 2). We identiﬁ ed no clear geographical pattern to 
explain why some studies are signiﬁ cantly above or 
below the pooled estimate, nor any clear relation with 
other study attributes, meaning that we had an 
insuﬃ  cient basis for further weighting of input studies.
We used the RR and estimated HIV prevalence in 
pregnant women (based on the UNAIDS Spectrum 
model) to estimate the population attributable fraction of 
pregnancy-related deaths that are related to HIV. To 
estimate the fraction of HIV-related deaths aggravated by 
pregnancy, we did another systematic review (appendix). 
We could identify only two studies to inform this fraction, 
with a pooled RR of 1·13 (95% UI 0·73–1·77),44,45 
corresponding to a frequency of all HIV-related deaths 
during pregnancy that should be counted as maternal 
deaths of 11·5% (0–43·5). Several additional studies did 
not show increased risk of HIV-related mortality during 
pregnancy, but were excluded because stratiﬁ cation of 
the study population on the basis of stage of HIV or ART 
status was not completed.
Modelling
Following Lozano and colleagues’ methods,5 we used the 
Cause of Death Ensemble model (CODEm) to model 
maternal mortality by age (appendix). With CODEm, 
many models are developed and their performance is 
assessed objectively.46 We selected nine covariates for 
CODEm to test on the basis of previously reported 
associations that also have a plausible causal association 
with maternal mortality: age-speciﬁ c fertility rate, total 
fertility rate, age-standardised HIV death rate for female 
individuals aged 15–49 years, neonatal death rate, lag-
distributed gross domestic product (GDP) per person 
(GDP per person computed with a triangle lag that 
weights more recent years more heavily), proportion of 
deliveries occurring in facilities, proportion of deliveries 
overseen by skilled birth attendants, coverage of four 
visits of antenatal care, and malnutrition in children 
younger than 5 years (<2 SD below mean weight for age; 
used as a proxy for adult nutritional status; appendix).
We divided covariates into three groups to enable 
computation. Level 1 covariates had the strongest likely 
relation with maternal mortality; covariates in levels 2 
and 3 had weaker likely relations. CODEm tests all 
combinations of level 1 covariates and nearly every 
combination of level 2 and level 3 covariates using four 
families of models: mixed eﬀ ects linear regression of the 
logit-transformed cause-speciﬁ c mortality fraction, 
spatial-temporal Gaussian Process Regression (ST-GPR) 
of the logit-transformed cause-speciﬁ c mortality rate, 
mixed eﬀ ects linear regression of the natural log of the 
maternal death rate, and ST-GPR of the natural log of 
the maternal death rate.46 30% of the data were not 
included in the models. Models were retained when the 
beta for each covariate was signiﬁ cant and in the 
direction allowed by previous evidence. The performance 
of each retained model was then assessed with half the 
held-out data in terms of the root-mean squared error of 
the prediction of the model compared with the data held 
out, and the root-mean squared error of the trend in the 
model compared with the trend in the data. Ensemble 
models were developed on the basis of the rankings of 
individual models and the performance of diﬀ erent 
ensembles assessed in the second half of the data held 
out of the regression (appendix). The best performing 
ensemble was selected and reﬁ tted to all data.
One of the strengths of the GBD is that all causes 
are simultaneously estimated. Estimates of every 
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cause-speciﬁ c death rate are necessary to sum to all-cause 
mortality using the CoDCorrect algorithm.16 To ensure 
they do sum to all-cause mortality, at the level of each 
draw from the posterior distribution of each cause of 
death for a speciﬁ c country, year, and age group, the sum 
of all causes was rescaled to equal a draw taken from the 
uncertainty distribution of all-cause mortality for that 
country, year, and age group.
Causes of maternal death
We disaggregated maternal deaths into nine causes: 
maternal haemorrhage, maternal sepsis and other 
pregnancy-related infections, hypertensive disorders of 
pregnancy, obstructed labour, abortion, other direct 
maternal disorders, indirect maternal disorders, HIV, 
and late maternal deaths. To estimate the diﬀ erent 
causes of maternal death, we completed a systematic 
review (appendix) to identify data to inform which 
proportion of total maternal deaths is due to each cause. 
Additionally, we incorporated all vital registration and 
sample registration data that provided ICD-coded detail 
for maternal causes (appendix). We identiﬁ ed 61 studies 
and, after processing, included 943 site-years of vital 
registration, sample registration, and maternal 
mortality surveillance data.
We modelled the proportion of maternal deaths for all 
causes except HIV using DisMod-MR (version 2.0), 
which is a Bayesian meta-regression tool developed for 
the GBD (appendix). This version of DisMod-MR allows 
for two types of ﬁ xed eﬀ ects (study attributes and country 
covariates) and includes nested random eﬀ ects for super-
region, region, and country. A key advantage of DisMod-
MR is that it can handle data reported for any age interval. 
Predictions from DisMod-MR for each group divided by 
country, year, and age are based on the country covariates, 
reference values of the study level covariates, and 
hierarchical random eﬀ ects. Point estimates with 
uncertainty were produced for six discrete points: 1990, 
1995, 2000, 2005, 2010, and 2013. Each cause was 
modelled independently. Predicted cause fractions for 
each group were rescaled to equal 100% of the deaths not 
related to HIV. The rescaled cause fractions were then 
multiplied by the number of maternal deaths in each 
group (divided by country, year, and age) to obtain the 
number of deaths for each maternal cause, a sum to 
which the HIV deaths were added. The ﬁ nal result 
includes cause fraction and number of maternal deaths 
due to each cause, country, age group, and year.
Timing of maternal deaths
An important issue for planning of interventions is an 
understanding of the timing of maternal deaths with 
respect to labour and delivery.47 We completed a 
systematic review to identify studies of the timing of 
maternal deaths (appendix). We identiﬁ ed 142 studies 
and used vital registration, sample registration, and 
surveillance data for late maternal death. Many studies 
combined the ﬁ rst 24 h postpartum (immediate or early 
postpartum) with the intrapartum period, because events 
of the immediate postpartum period are clinically related 
to events occurring during labour and delivery. Therefore, 
we also combined intrapartum and immediate 
postpartum periods. We followed this format to construct 
a dataset that included four diﬀ erent time windows: 
deaths occurring antepartum (before onset of labour), 
deaths occurring intrapartum or during the immediate 
postpartum period (up to 24 h after delivery), deaths 
occurring during the subacute and delayed postpartum 
periods (24 h to 42 days after delivery),47 and late maternal 
deaths (43 days to 1 year after delivery). We modelled the 
proportion of maternal deaths in each of the four periods 
with DisMod-MR (version 2.0). The predicted proportions 
were scaled to 100% for each group.
2030 scenario and rate-of-change calculations
We developed a straightforward forecast scenario for the 
MMR for every country in 2030 by using the estimated 
Figure 3: Global maternal deaths (A) and annualised rate of change in maternal mortality ratio (B), 1990–2013
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annualised rate of change from 2003 to 2013 to predict 
the MMR for 2030. For countries with an increasing 
MMR in that period, we assumed that the MMR would 
remain constant. We used UN Population Division 
forecasts of the population aged 15–49 years and births 
to forecast the number of maternal deaths for each 
country. We calculated annualised rate of change for 
1990–2013 using the continuous rate-of-change formula. 
Achievement of the MDG 5 target would be equivalent 
to a sustained 5·5% decrease per year from 1990 to 2015.
Uncertainty
We report 95% uncertainty intervals (UIs) for maternal 
deaths, the MMR, causes of maternal death, timing of 
maternal deaths, and annualised rates of change. The 
ensemble models for maternal mortality generate 
1000 draws from the posterior distribution; the validity 
of the UIs was conﬁ rmed through 50 iterations of cross-
validation with data held out during CODEm estimation. 
Additionally, DisMod-MR produced 1000 draws from the 
posterior distribution for the cause analysis and time-of-
death analysis. We assumed uncertainty in the estimated 
fraction of maternal deaths due to each cause or the 
estimated fraction of maternal deaths in diﬀ erent 
timings to be independent of the uncertainty in the 
occurrence of maternal mortality. We calculated 
uncertainty with 1000 draws from the posterior 
distribution of every step of the estimation process, 
which allows for quantiﬁ cation and propagation of 
uncertainty associated with each of the epidemiological 
variables in the GBD framework. These UIs are diﬀ erent 
from conﬁ dence intervals, which would only quantify 
Maternal mortality ratio (per 100 000 livebirths) Number of maternal deaths Annualised rate of change in maternal 
mortality ratio (%)
1990 2003 2013 1990 2003 2013 1990–2003 2003–13 1990–2013
(Continued from previous page)

































































































































































































































(15 814 to 26 737)
34 810
(26 480 to 42 656)
36 698



































































































Data in parentheses are 95% uncertainty intervals.
Table 1: Maternal mortality ratio, numbers of maternal deaths, and annualised rates of change for 21 Global Burden of Disease regions and 188 countries
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Results
The total annual number of maternal deaths decreased 
from 376 034 (95% UI 343 483– 407 574) in 1990, to 292 982 
(261 017–327 792) in 2013 (ﬁ gure 3A, table 1). The 
reduction accelerated steadily from 1990 to 2013 
(ﬁ gure 3B), with corresponding decreases in MMR 
(table 1). Between 2003 and 2013, the annual rate of 
change in MMR was greater than –1%, reaching –3·3% 
for 2012–13 (ﬁ gure 3B).
MMR was highest in the oldest age groups and lowest 
in women aged 20–29 years in both 1990 and 2013 
(ﬁ gure 4). However, it decreased signiﬁ cantly between 
1990 and 2013 for almost all age groups (ﬁ gure 4). We 
used data for the proportions of births in diﬀ erent 
maternal age groups and calculated that 9·5% of 
maternal deaths are in the group aged 15–19 years, 
43·1% in women aged 20–29 years, and 47·0% in those 
aged 30 years and older, with the remainder occurring 
in the group aged 10–14 years. Despite much higher 
rates of mortality in older age groups, the total number 
of deaths is roughly equal before and after the age of 
30 years. The MMR in mothers aged 15–19 years in 2013 
was 1·5 times higher than that in women aged 
20–24 years, and 1·4 times higher than in those aged 
25–29 years. In 2013, the MMR was 9·5 times higher for 
a woman aged 45–49 years (1374·4, 95% UI 
1117·1–1694·9) than for a woman aged 20–24 years 
(144·1, 120·6–169·9). 
We recorded substantial diﬀ erences across the GBD 
regions in the trends in maternal deaths and the MMR 
(ﬁ gure 5). Of the regions where the MMR was more than 
300 in 1990, south Asia made the greatest progress by 
2013 (ﬁ gure 5A, table 1). In eastern and western sub-
Saharan Africa, MMRs increased until 2005, but have 
since reduced substantially (ﬁ gure 5A). The MMR in 
eastern sub-Saharan Africa has been changing at a rate of 
–4·5% per year (95% UI –6·0 to –2·8) since 2005.
Of regions that had MMRs of 100–300 in 1990, southeast 
Asia has had the most notable decreases (ﬁ gure 5B). The 
MMR in the Caribbean has followed a similar trend to 
eastern and western sub-Saharan Africa—ie, increasing 
to 2005, before falling—and it has improved only slightly 
in north Africa and the Middle East (ﬁ gure 5B). The 
MMR in southern sub-Saharan Africa increased greatly 
between 1990 and 2006, rising from 150·8 (95% UI 
115·9–182·6) to 565·7 (420·1–737·2), but then fell to 
279·8 (202·6–381·5) in 2013 (ﬁ gure 5B).
We recorded decreases in MMRs in all regions that had 
an MMR of 30–100 in 1990 (ﬁ gure 5C, table 1). This 
reduction is particularly evident in east Asia (ﬁ gure 5C, 
table 1). The rates of change in southern Latin America 
and central Latin America since 2000 seem to have been 
slower than those before 2000 (ﬁ gure 5C). In regions 
with low MMR in 1990 (<30), the MMR has continued to 
reduce slowly, except for in the high-income region of 
North America (ﬁ gure 5D, table 1).
Except for late maternal deaths and HIV-related deaths, 
the absolute numbers of deaths due to every cause 
decreased signiﬁ cantly (p<0·001) from 1990 to 2013 
(table 2, appendix). However, in sub-Saharan Africa, the 
number of deaths due to all causes increased from 1990 
to 2013 (table 1). Globally, the biggest absolute reduction 
was in deaths due to maternal haemorrhage: from 71 295 
(95% UI 64 562–78 329) in 1990, to 44 190 (38 273–50 819) 
in 2013. The biggest percentage decrease was in maternal 
sepsis, which caused 11·6% (11·4–11·8) of all maternal 
deaths in 1990, but 9·7% (9·5–9·9) in 2013 (ﬁ gure 6A). 
The proportion of maternal deaths due to indirect causes 
increased slightly from 9·1% (95% UI 8·9–9·4) in 1990, 
to 10·2% (10·0–10·5) in 2013 (ﬁ gure 6A). Additionally, 
the proportion of maternal deaths due to other direct 
causes rose from 16·5% (95% UI 16·3–16·8) in 1990, to 
17·0% (16·7–17·3) in 2013 (ﬁ gure 6A). The number of 
late maternal deaths decreased globally by 3·0%, from 
44 814 (95% UI 36 414–53 106) in 1990, to 43 507 
(35 667–52 395) deaths in 2013. In 2013, HIV accounted 
for 1·5% (0·9–2·0) of all maternal deaths in sub-Saharan 
Africa, but only 0·4% (0·2–0·6) worldwide. The number 
of abortion-related deaths decreased signiﬁ cantly at the 
global level (p=0·002; ﬁ gure 6A) and in all regions other 
than Oceania, where no signiﬁ cant change occurred 
(p=0·35), and sub-Saharan Africa, where the number of 
deaths increased signiﬁ cantly after abortion (p<0·001).
Figure 4: Global maternal mortality ratio in 1990 and 2013, by age
Shaded areas show 95% uncertainty intervals.
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Cause patterns vary by regions. The two most 
important causes of maternal death in high-income 
regions in 2013 were indirect and other direct causes 
(ﬁ gure 6B), owing largely to a decrease in abortion-
related deaths, which was the most important cause of 
maternal mortality in high-income regions in 1990. The 
number of deaths due to haemorrhage, hypertension, 
and maternal sepsis  have also decreased signiﬁ cantly, 
whereas the numbers of deaths due to indirect and late 
maternal causes have increased since 1990 (ﬁ gure 6B, 
appendix). By contrast, the most important causes in 
low-income countries—other direct, abortion, and 
haemorrhage—have not changed between 1990 and 
2013, although diﬀ erent trends are apparent in diﬀ erent 
regions. For example, east Asia had signiﬁ cant 
decreases in all causes except HIV (which was estimated 
to be the cause of 0·003% of all maternal deaths in 
2013; appendix). The total global number of HIV-related 
maternal deaths in 2013 was 2070 (95% UI 1290–2866), 
reduced from a peak of 3280 (2041–4403) in 2004. The 
increase in proportion of deaths due to indirect 
maternal causes was most notable in Latin America 
and the Caribbean, where the proportion increased 
from 9·2% (95% UI 8·8–9·8) in 1990, to 11·5% 
(10·9–12·2) in 2013.
In 2013, on average, nearly a quarter of deaths occurred 
antepartum (24·6%, 24·1–25·2), a quarter intrapartum 
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North Africa and Middle East
Figure 5: Change in MMR between 1990 and 2013, by region
MMR=maternal mortality ratio.
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subacute and delayed postpartum (35·6%, 34·9–36·2), 
and 12·1% (11·9–12·5) late. The biggest absolute change 
was in intrapartum deaths (table 2, appendix), which 
decreased by more than 35%, but equally notable was that 
despite a decrease in the mean fraction of postpartum 
deaths, the proportion of total deaths occurring 
postpartum and late actually increased at the global level 
(p<0·001).
























































































































































































































































































































































































































































































































































































































































































































*Intrapartum and immediate postpartum. †Subacute and delayed postpartum.
Table 2: Global and regional maternal deaths in 2013, by cause and timing 
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In 2013, 16 countries had MMRs of between 500 and 
1000: Afghanistan, Cameroon, Central African Republic, 
Chad, Côte d’Ivoire, Djibouti, Eritrea, Guinea, Guinea-
Bissau, Liberia, Lesotho, Mauritania, Papua New Guinea, 
Sierra Leone, South Sudan, and Zimbabwe (ﬁ gure 7, 
table 1). 15 countries had MMRs of less than 5: Andorra, 
Figure 6: Causes of maternal death
(A) Mean proportion (left) and total number (right) of maternal deaths due to diﬀ erent causes in 1990 and 2013. Error bars show 95% uncertainty intervals. 
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Figure 8: Annualised rate of change in maternal mortality ratio in 1990–2003 and 2003–13
Countries are grouped by Global Burden of Disease super-region. Countries are labelled when at or near the MDG5 achievement rate, or if they had large increases in 
either period. MDG=Millennium Development Goal. RO U=Romania. POL=Poland. MDV=Maldives. MAR=Morocco. ALB=Albania. CZE=Czech Republic. ARE=United 
Arab Emirates. EST=Estonia. LBN=Lebanon. LVA=Latvia. CHN=China. LTU=Lithuania. HUN=Hungary. SLV=El Salvador. BLR=Belarus. GRC=Greece. RWA=Rwanda. 
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Figure 7: Maternal mortality ratio in 2013
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Australia, Austria, Denmark, Finland, Iceland, Ireland, 
Israel, Italy, Malta, Norway, Poland, Singapore, Sweden, 
and Switzerland (table 1). Some countries had noticeably 
higher MMRs than neighbouring countries did 
(ﬁ gure 7). In the Caribbean, only Guyana and Haiti had 
MMRs of more than 100 in 2013 (ﬁ gure 7, table 1). 
Similarly, in South America, only Bolivia had an MMR 
of more than 100 (ﬁ gure 7, table 1). Afghanistan had the 
highest MMR in south Asia, Yemen had the highest 
MMR in north Africa and the Middle East, and Papua 
New Guinea had the largest value in southeast Asia and 
Oceania in 2013 (ﬁ gure 7, table 1). The MMR in China 
was 17·2 (95% UI 14·0–20·3) compared with 18·5 
(14·8–22·9) in the USA. In sub-Saharan Africa, 
Mauritius, Seychelles, Namibia, Swaziland, Cape Verde, 
and São Tomé and Príncipe have MMRs of less than 150 
(ﬁ gure 7, table 1).
137 countries had higher annualised rates of change in 
MMR between 2003 and 2013 than between 1990 and 
2003 (ﬁ gure 8). Nevertheless, only 40 countries have 
achieved the MDG 5 decrease of 5·5% per year in either 
time interval (ﬁ gure 8). From 1990 to 2013, Albania, 
United Arab Emirates, Bosnia and Herzegovina, Belarus, 
China, Estonia, Lebanon, Lithuania, Latvia, Morocco, 
Maldives, Mongolia, Oman, Poland, Romania, and 
Russia had reductions of greater than 5·5% (table 1). 
These countries—which represent 5·1% of all developing 
nations—are likely to achieve the MDG 5 target of a 
reduction in the MMR of three-quarters. 30 countries 
had annual reductions in the MMR of MDG 5 pace or 
better from 2003 to 2013, eight of which were in sub-
Saharan Africa (Botswana, Burundi, Kenya, Malawi, 
Namibia, Rwanda, South Africa, and Swaziland) and ten 
in central and eastern Europe (Albania, Belarus, Bosnia 
and Herzegovina, Bulgaria, Estonia, Latvia, Lithuania, 
Poland, Romania, and Russia; table 1). Between 2003 and 
2013, eight countries had annualised rates of change of 
more than 8%: Belarus, Botswana, China, Estonia, Latvia, 
Lebanon, Lithuania, and Malawi (ﬁ gure 8, table 1). From 
1990 to 2003, MMR increased in 50 countries, 27 of 
which were in sub-Saharan Africa (table 1). Between 2003 
and 2013, only eight countries had increases: Afghanistan, 
Belize, El Salvador, Guinea-Bissau, Greece, Seychelles, 
South Sudan, and the USA (ﬁ gure 8, table 1).
In our fairly optimistic forecast scenario for 2030, we 
would expect 184 100 (95% UI 133 600–244 700) maternal 
deaths worldwide in 2030. 53 countries—all of which are 
in sub-Saharan Africa, except for Afghanistan, 
Bangladesh, Bhutan, Bolivia, Haiti, India, Indonesia, 
Laos, Myanmar, Nepal, Pakistan, Papua New Guinea, 
Solomon Islands, and Yemen—will still have MMRs of 
more than 100 (ﬁ gure 9). Despite accelerated reductions 
in many countries, our simple forecasts suggest that in 
2030, 74 countries are likely to still have a MMR of more 
Figure 9: Projected maternal mortality ratio in 2030
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than 50, and 89 countries will have MMRs of less than 30, 
compared with 72 countries in 2013.
Discussion
On the basis of recent data and a reﬁ ned understanding 
of the association between HIV and maternal mortality, 
we have shown that worldwide maternal mortality has 
decreased by 1·3% per year since 1990. Despite 
reductions in the number of maternal deaths—from 
about 376 000 in 1990 to about 293 000 in 2013—only 
16 countries, seven of which are developing countries, 
are expected to achieve the MDG 5 target of a 75% 
reduction in the MMR by 2015. We noted two diﬀ erent 
patterns in developing countries: sustained substantial 
decreases in most of Asia and Latin America, and 
stagnation or increases from 1990 to 2003 in sub-Saharan 
Africa and Oceania. Increases in some high-income 
countries such as the USA are a deviation from the 
general trend downwards in developed countries. 
However, the substantial acceleration in the decreases 
since 2003—especially in sub-Saharan Africa—provides 
hope that more countries can achieve rapid and sustained 
reductions.
Ambitious calls for progress in maternal mortality in 
the next 15–20 years and reductions in MMRs to less 
than 30 in all countries have been deemed ﬁ nancially and 
technically feasible.48 Our ﬁ nding that rates of change in 
maternal mortality in some developing countries have 
exceeded 8% in the past decade (eg, in China) lends 
support to ambitious aspirational goals. However, on the 
accelerated trajectory from 2003 to 2013, MMRs will still 
be high in several countries in west and central Africa, 
and in the Horn of Africa. Unsurprisingly, projections for 
child mortality in 2030 are also high in these areas of the 
world. A focus on levels of maternal mortality equivalent 
to those in high-income nations in all countries will need 
special policy attention, national action, and global 
investment in the countries that are predicted to be left 
far behind a grand convergence. Many of the countries in 
central and west Africa that will present the greatest 
challenge to achievement of low MMRs have historically 
received less development assistance for health than have 
other low-income countries.49 Although development 
assistance for maternal, newborn, and child health has 
been increasing at a pace faster than that for most 
thematic areas, excluding HIV, especially since 2009, 
increases in central and west Africa have not been as 
large as in other regions. A new focus on these countries 
will probably need action by multilateral, bilateral, and 
private global health funders, and shifts in the historical 
allocation of funds across low-income countries.
The drivers of improvement (or lack thereof) in 
underlying causes of maternal deaths have important 
clinical, public health, and policy implications. Maternal 
mortality has been successfully reduced in many 
countries. Although the absolute numbers of deaths due 
to abortion, maternal haemorrhage, and hypertensive 
disorders of pregnancy have decreased in real terms, 
these causes remain important, collectively accounting 
for nearly 50% of all deaths. Continued promotion of 
policies to reduce anaemia and malnutrition, prevent 
malaria in pregnancy, provide calcium and micronutrient 
supplementation, encourage skilled birth attendance and 
in-facility delivery, discourage early motherhood, and 
reduce unsafe abortion should lead to sustained 
dividends.50–52 Such focus should be expected to reduce 
the risk of life-threatening complications of pregnancy, 
but the complications will not be eliminated altogether. 
Increased coverage of skilled birth attendance and 
delivery in facilities properly resourced for emergency 
obstetric care is essential for prevention of these deaths.
Health-system re-engineering is necessary to begin 
preparations for the new challenges that lie ahead. The 
increasing relative importance of other direct, indirect, 
and late maternal causes of death is consistent with global 
epidemiological transition, and suggests that many health 
systems are inadequate to meet the needs of an increasing 
number of pregnant women with pre-existing conditions 
and high-risk pregnancies. The risks of sepsis-related 
deaths are known to be increased by the prevalence of 
obesity and diabetes in women of reproductive age.53 
Moreover, because of the inherent diﬃ  culty in diagnosis 
of maternal sepsis, the problem could be larger than we 
have estimated in countries with high overall maternal 
mortality. Therefore, prevention of sepsis will need not 
only a focus on medical management of comorbidities, 
but also improved sanitation and access to routine 
prophylactic antibiotics during caesarean section for 
facilities that intend to provide such a service, both of 
which have been shown to be eﬀ ective and cost-eﬀ ective 
strategies to reduce maternal death.54,55
Many diseases—eg, sickle-cell anaemia, obesity, diabetes, 
hypertension, and chronic kidney conditions—confer 
increased mortality risk during pregnancy. These indirect 
causes of maternal death are likely to continue increasing 
in importance where they are commonly encountered.56–60 
A focus on health-system strengthening will be needed to 
reduce the eﬀ ect of other direct causes of maternal death, 
because the most likely underlying aetiologies are 
complications of anaesthesia, embolism (air, amniotic 
ﬂ uid, and blood clot), and the less common but often fatal 
condition of peripartum cardiomyopathy.61–64 Health 
systems must begin to plan for these changes through 
increasing the size and training of the perioperative 
workforce and investment in family planning services, 
adequate infrastructural resources for facilities, and 
systems to identify and follow women who are at risk of 
life-threatening puerperial and postpartum complications.
In 2013, HIV accounted for 1·5% of maternal deaths in 
sub-Saharan Africa, rising to 6·2% in southern sub-
Saharan Africa. However, HIV infection is associated with 
the smallest number of deaths worldwide of any of the 
causes we examined. Increased ART coverage has led to 
reduced HIV-related mortality in sub-Saharan Africa and 
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has been associated with decreased mortality in HIV-
positive women during pregnancy.45,65 Nevertheless, the 
increase in maternal mortality during the mid-2000s in 
southern Africa is well in excess of the number of HIV-
associated maternal deaths. There are at least four possible 
explanations for this ﬁ nding. First, we could have 
underestimated the RR of death for a pregnant woman 
with HIV infection compared with a pregnant woman 
without HIV infection. Our meta-analysis results are 
consistent with previous studies, but the RR could be 
biased downwards if included studies are from areas with 
better care or access to ART.22,34 Second, we could have 
overestimated maternal mortality if the UNAIDS 
Spectrum estimates of HIV prevalence in pregnancy are 
underestimates. These values suggest that age-speciﬁ c 
fertility rates decrease by 24% in HIV-positive women 
compared with HIV-negative women when aged 
20–24 years, but fertility decreases by 56% by age 
45–49 years.66 Third, we assume the RR is generalisable 
across diﬀ erent levels of HIV prevalence in pregnant 
women, which might not be true. Fourth, the HIV 
epidemic could be diverting resources from maternal care 
because of a huge demand for care. Although this 
situation is theoretically possible, several studies and 
reports have not shown this relation; indeed, there could 
be synergies between ART scale-up and clinic and hospital 
productivity.67 Perhaps the most important ﬁ nding is that 
with the scale-up of ART, MMR seems to decrease rapidly 
(eg, in Malawi).68
In our study, we have not tested the association between 
development assistance for maternal health programmes 
and MMR. However, accelerated decreases occurred in 
106 of 138 developing countries in 2003—3 years after 
the Millennium Declaration—coinciding with the scale-
up of development assistance for maternal and child 
health programmes.49 Rigorous testing of the hypothesis 
that global priority setting and investments in maternal 
health programmes have had an important role in the 
acceleration of progress is needed. This research is 
important because it could strengthen the basis on which 
post-2015 requests for funding of continued expansion of 
maternal health services are made. Because we have 
reported much slower rates of change than the UN has,6 
the importance of establishing the case for continued 
investment in maternal health programmes is even 
greater; ambitious goals for regions such as sub-Saharan 
Africa will probably need major investments.
We compared our estimates of maternal mortality 
with those from the GBD 2010 and the 2012 UN 
estimates.6 The correlation between our MMR estimates 
and those of GBD 2010 for 1990 was 0·96, and for 2010 
was 0·89. The correlation ﬁ gures with the UN analysis 
for the same two periods were 0·88 and 0·85. Perhaps 
the most notable diﬀ erence between the UN 2012 
analysis and ours is the number of maternal deaths in 
1990: 543 000 compared with 376 000. The diﬀ erence in 
numbers for 2010 is smaller: 287 000 deaths compared 
with 317 300. The much higher number from the UN 
for 1990 raises the estimated annualised rate of change 
in the MMR from 1990 to 2010 substantially, to –3·1% 
per year compared with –1·1% per year in our study. 
One of the most important diﬀ erences between our 
assessment and the UN’s seems to be related to the 
WHO estimates of reproductive-age mortality in some 
Figure 10: Comparison of all-cause reproductive-age mortality envelopes between 1990 and 2010
WPP=World Population Prospects. GBD=Global Burden of Disease Study.
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regions with high fractions of reproductive-age 
mortality due to maternal causes. These estimates are 
substantially higher than the GBD 2013 estimates for 
west Africa, north Africa and the Middle East, and 
southeast Asia in 1990, ranging from 7% higher in 
Ghana to 58% higher in Nigeria. The diﬀ erences 
between estimates of reproductive-age mortality in 
western sub-Saharan Africa and southeast Asia are 
large (ﬁ gure 10). In some cases, the most recent UN 
Population Division estimates (World Population 
Prospects 2012) converge towards the GBD estimates, 
although WHO estimates are substantially higher 
(ﬁ gure 10). The UN Population Division and WHO 
almost exclusively predict levels of adult mortality in 
west Africa on the basis of child mortality, whereas we 
make substantial use of survey and census data from 
the region in our GBD analysis.69 The reasons for the 
changes between successive revisions of maternal 
mortality estimates depend on the country, but are 
driven both by new data for levels of reproductive-age 
mortality and maternal causes or the fraction of deaths 
that are related to pregnancy.
Our study, which brings together a wide array of data 
sources for the levels, causes, and timing of maternal 
deaths for many countries, has important limitations. 
First, although ICD-coded vital registration systems 
have clear rules for assignment of causes of death, we 
used census and survey data for the fraction of deaths to 
distinguish explicitly between deaths caused by 
pregnancy (maternal deaths) and those that were 
incidental (pregnancy-related deaths). We made 
adjustments for incidental deaths related to HIV, but 
have not made similar adjustments for other types of 
incidental deaths due to causes such as injuries. 
Studies70,71 suggest that deaths due to injury are less 
common in non-pregnant women than in pregnant 
women of the same age, but they do occur in both 
groups, which leads to a bias upwards in our assessment. 
That bias must be tempered with the potential bias that 
sibling and household reports of pregnancy-related 
deaths could lead to selective under-reporting of 
abortion-related deaths.72 Second, uncertainty in the 
estimates of maternal death in many countries is 
substantial.73 Within the same country, sources can diﬀ er 
widely. For example, we used many diﬀ erent types of 
sources in India: in rural regions, data are largely from 
the Survey of Causes of Death-Rural, the Sample 
Registration System, and verbal autopsy studies, whereas 
Medical Certiﬁ cation of Causes of Death covers largely 
urban populations.4
Third, there is still no deﬁ nitive way to estimate the 
interaction of HIV and pregnancy in death. Only 
21 studies were available for estimation of the excess risk 
of death during pregnancy in women with HIV. Only 
two studies44,45 inform the excess risk of death during 
pregnancy in women with HIV. These two studies 
provide widely divergent ﬁ ndings and could reﬂ ect the 
complex interaction between ART (and the associated 
greater care received by women taking it) and pregnancy 
as much as the eﬀ ect of pregnancy on the progression of 
HIV. As such data continue to be developed and because 
of the important implications for policy making, we will 
continue to work to ﬁ nd new data sources, improve data 
quality, and incorporate updated methods as necessary 
to continue providing updates for global, regional, and 
national maternal mortality.
Fourth, because of sparse data, we could not quantify 
the contributions of other infections, such as inﬂ uenza 
(eg, H1N1), malaria, tuberculosis, and hepatitis, to 
maternal mortality at the population level.74 Fifth, our 
method of estimating the detailed causes of maternal 
death used all available data, but such speciﬁ c data are 
not available for many countries, or, if they are available, 
are coarse with respect to age. Therefore, we might have 
underestimated the true extent of the interplay between 
cause and age in maternal mortality and diﬀ erences 
between countries in the same region.
Sixth, we have estimated UIs for each component of the 
analysis. CODEm provides conﬁ rmation that the UIs for 
the maternal mortality model have a data coverage of 
97·9%, so they could be slightly overestimated. Finally, 
our estimates of maternal mortality are aﬀ ected by 
estimates in each age group of other causes of death 
developed for the GBD 2013 because of the requirement 
that cause-speciﬁ c mortality must sum to all-cause 
Panel: Research in context
Our analysis continues a body of analytical work into levels and trends in maternal 
mortality that began with Hogan and colleagues’ report4 and was followed by that by 
Lozano and colleagues5 and the Global Burden of Disease Study 2010 (GBD 2010).16 With 
each subsequent study, there have been important advances in the data available for 
analysis and the methods of analysis. Lozano and colleagues5 moved from one preferred 
regression model, as used by Hogan and colleagues and the UN measurement eﬀ orts,6,20 to 
an ensemble of multiple models developed through rigorous out-of-sample predictive 
validity testing. The maternal mortality analysis included in GBD 2010 extended the 
analysis in two important ways: maternal mortality was assessed with all other causes of 
death subject to the constraint that sum of individual causes of death equalled the 
demographic assessment of all-cause mortality in each age group of reproductive-age 
women, and it included estimates of the major causes of maternal mortality. In our study, 
in addition to 2421 site-years of new data, several important methodological innovations 
improve the estimation of maternal mortality. First, we have analysed sibling history data 
for the fraction of reproductive-age deaths that are related to pregnancy by calendar year 
for each 5-year age group of mothers, pooling data from several surveys when events for 
the same calendar year were recorded. Second, we have substantially revised the approach 
to understand the eﬀ ect of HIV on maternal mortality. We did a systematic review and 
used relative risks from cohort studies to accurately assign a fairly small fraction of HIV-
related deaths during pregnancy or the puerperium to be maternal deaths. Third, we have 
quantiﬁ ed other direct maternal causes, indirect maternal causes, and late maternal death 
for the ﬁ rst time. Fourth, we have analysed previous reports and other sources about the 
timing of maternal deaths to provide guidance on when most deaths occur. Our data and 
improved methods have led to a diﬀ erent understanding of the evolution of global 
maternal deaths with important implications for target setting in the post-MDG era. 
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mortality. Errors in the estimates for other causes of death 
could bias upwards or downwards our assessments of 
maternal mortality.
An important part of improved measurement in the 
future is a recommendation that surveillance of late 
maternal mortality (>42 days but <1 year) be included in 
surveys and censuses. With the assumption that maternal 
mortality will continue to decrease, severe maternal 
morbidity or so-called near miss cases are likely to 
increase, some of which might be expected to lead to 
increased late maternal death.54 Perhaps more 
importantly for some regions, HIV has been described 
by some as being a risk factor for late maternal death. If 
this description is true, these deaths might not be 
captured appropriately, because neither reproductive 
health surveys nor demographic and health surveys 
quantify late maternal death. In view of the major 
dependency on sibling histories and the recall of 
pregnancy-related deaths in household surveys, major 
changes would be necessary to track late maternal deaths 
through these instruments.
Measurement of maternal mortality remains 
challenging (panel). It depends both on robust 
demographic assessment of reproductive-age mortality 
rates and data for the fraction of deaths in each age 
group that are maternal or related to pregnancy. Changes 
between systematic analyses in the levels and trends in 
maternal mortality are larger than for child mortality. As 
a result, users of any assessment of maternal mortality 
need to recognise that assessments could change as new 
data are identiﬁ ed or obtained. Despite continuing 
measurement challenges, there are strong reasons to 
continue a global focus on reductions in maternal death 
in the next 15–20 years. An important adjunct to both the 
framing of new goals and mobilisation of action for 
them will be regular updates about the evidence in the 
trends for maternal mortality by age, cause, and timing. 
We believe that it is this evidence that should fuel and 
inspire debates and policies to reduce maternal deaths. 
We believe the evidence is convincing that decreases in 
the MMR have accelerated in several countries since 
2003. These accelerations should be carefully studied to 
provide qualitative insights into what has worked in 
diﬀ erent settings. As new global targets for maternal 
mortality are developed, it will be important to take 
lessons from these insights, but also begin planning for 
the evolving health and health-care needs of women of 
reproductive age. Achievement (or not) of arbitrary goals 
established without proper regard to the distribution of 
rates of change prevailing at the time is a political 
construct that obscures knowledge and praise for the 
substantial progress that has been made to reduce 
maternal mortality in the past decade. Furthermore, 
accelerated decreases in maternal mortality will be more 
likely if the evidence from policy responses in these 
countries is widely and eﬀ ectively disseminated and 
implemented.
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